Purpose: Examine agreement between the Test of Infant Motor Performance (TIMP) and the Bayley III. Methods: 145 infants born at 29-34 weeks gestation with socioenvironmental risk factors were tested on the TIMP and Bayley III at 6 weeks corrected age (CA). Scores were correlated to assess convergence/divergence of content. Decision analysis using a cutoff of the mean on the Bayley Motor Composite
Introduction
Accurate assessment of the motor performance of infants born prematurely or with other perinatal complications requires use of tests with validity for identifying delay or neurologic impairment. Documentation of the construct validity of a new assessment requires research demonstrating its relationships with other existing tests intended for similar purposes. An exploration of external validity examines the congruence or divergence of the constructs underlying new and criterion tests. Of greater interest to practitioners who use these tools to diagnose delay clinically is an examination of the various cut scores for each tool and the differences in referral decisions based on having selected one tool or the other at a particular age.
The Test of Infant Motor Performance was published in 2001 for use in Neonatal
Intensive Care Units (NICUs) and Early Intervention (EI) programs serving infants born prematurely and other infants at risk for developmental delay. 1 The TIMP is a test of functional motor skills with age standards for performance of infants between the ages of 34 weeks postmenstrual age (PMA) and 17 weeks corrected age (CA) based on a normative sample of 990 U.S. infants with a range of medical risk for developmental delay. 2 Previous research demonstrated convergent validity (r = .66) at 3 months CA with the Alberta Infant Motor Scale, 3, 4 and validity at 3 months CA for predicting 1) AIMS scores at 12 months CA 5 and 2) Peabody Developmental Motor Scales motor quotients at 4-5 years of age. 6 In a Korean sample TIMP scores from tests performed at termequivalent age were highly predictive of scores on the Bayley II at 6 months CA, 7, 8 but the TIMP has not been compared to the Bayley III.
The Bayley Scales of Infant Development have long been standard tests for measuring motor and cognitive performance of infants. 9 The third edition of the test, the Bayley III, 10 were retained for the 6-week CA visit, but three were not assessed for infant development because the tester was not available for the visit. One additional infant completed the TIMP but not the Bayley III assessment as a result of fatigue. Therefore, 145 infants have scores for the TIMP and the three Bayley III scales and are included in this study. Table 1 summarizes the characteristics of the subjects. The average GA of the infants at birth was 32.4 weeks (SD = 1.6). The infants had a moderate degree of medical issues (mean = 70.9) as documented with the Problem-Oriented Perinatal Risk Assessment System (POPRAS) which is used to assign points to a variety of medical conditions. 16, 17 Higher scores denote the presence of more medical complications and increased risk for developmental morbidity. At the 6-week CA follow up visit, the mean chronologic age was 13.4 weeks (SD = 1.9).
Procedures: The research was approved by the Institutional Review Boards from the university and the two clinical sites. After informed consent was obtained, mothers and infants were randomly assigned to the H-HOPE or the attention-only control group. 15 The intervention began in the hospital when the infant reached 32 weeks PMA following an initial oral feeding assessment. Infant development was assessed at 6
weeks CA via the TIMP and the Bayley III. For the 6-week assessments, mothers brought their infants to an examination room in the university's College of Nursing. In most cases the sessions proceeded according to the following schedule: Infants were evaluated first with the TIMP followed by the Bayley. Because this was part of a larger study which also evaluated mother-infant feeding interactions, 15 the mothers were instructed to let the researchers know when they believed that their infants were showing feeding readiness cues. In such instances, the therapist stopped the developmental assessment and resumed after the infants had completed their feedings.
The majority of the time (75%) the TIMP and Bayley III were completed in their entirety and in that order before the infants were ready to feed.
Tests: The TIMP is a 42-item assessment of functional gross motor performance. 1 Item responses are related to demands for movement placed on infants in daily life interactions with caregivers, 18 and Rasch psychometric analysis revealed that the items reliably separate infants into 5-6 uniquely different levels of development. 19 All 42 items are administered to infants at 6 weeks CA and raw scores are compared to age norms in 2-week increments. Z scores, percentile ranks and ageequivalent scores can also be obtained.
The Bayley III assesses the developmental functioning of infants and toddlers one to 42 months of age. 20 The Bayley III consists of three administered scales:
Cognitive, Language (including receptive and expressive communication subtests), and
Motor (including fine and gross motor subtests). The cognitive scale assesses sensoryperceptual acuities, discriminations, and the ability to respond to these as well as the early acquisition of object constancy and memory, learning, and problem-solving ability.
The language scale evaluates receptive language capabilities, expressive vocalizations and the beginnings of verbal communication. The motor scale provides an assessment of postural control, coordination of the large muscles and finer manipulation skills of the hands and fingers; results can be reported as separate gross and fine motor scores.
Scores are presented as raw scores, scaled scores, composite scores, centile ranks, age equivalents, and growth scores. 10, 21 Analysis: For this study, we assessed inter-rater reliability for a random 25% of the TIMP and Bayley assessments from a video recording of the original administration of the tests. A physical therapist who is an expert in the TIMP rerated the TIMP, while an expert in administering the Bayley test re-rated the Cognitive, Language and Motor scales of that test. Both were unaware of infant group assessment and scores obtained by the study testers. Inter-rater reliability was determined using the intraclass correlation coefficient (ICC). (Table 6 ). The PPV is also 100% because the recommended cutoff of -0.5 SD to identify delay using the TIMP would result in 41.4% of the infants being flagged for close surveillance or referral for intervention, depending on how low the score was. Previous research on the TIMP at 30 days as compared to preschool age outcomes showed an overall accuracy in predicting Peabody Developmental Motor Scale scores < 2 SD from the mean of 80%. 6 The PPV of early scores was 60% such that 40% of infants who scored low at 30 days were found to have normal motor development at 4-5 years of age. PPV improved to 75%
and overall accuracy to 87% if testing occurred at 90 days CA. Although one might conclude that 6 weeks CA is too early to identify delay, low scores on the TIMP reflect performance below that of a national sample of 990 infants who were stratified according to perinatal medical risk factors. Thus low scores at 6 weeks CA provide the opportunity to flag infants close to the cutoff or scoring between -.5 and -1.0 SD for intervention to help them close the gap between their performance and that of a national sample from the premature infant population for which the TIMP was designed. Vohr and colleagues suggest that all infants born with ELBW should be offered EI because of their high risk for cerebral palsy and other disabilities. 12 In the case of this sample of infants with moderate biological risk for delay, but socioeonomically disadvantaged backgrounds, however, frequent surveillance and instruction of parents in appropriate activities to do at home are recommended until such time as a more definitive diagnosis can be reached.
The findings of this study add to the accumulating evidence on overestimation of ability when testing using the Bayley III by providing information on a moderate-risk sample of infants born preterm and assessed at 6 weeks CA. Previous studies have shown overestimation of performance at ages from 12 months to 2 years CA for fullterm and preterm Australian infants, 13 infants born with ELBW compared with performance of earlier cohorts on the Bayley II at 18-22 months, 12 infants under 6 months CA enrolled in EI services, 23 infants post-complex cardiac surgery, 24, 25 and
English preterm infants at 6 months CA. 26 Why has this occurred? The most compelling argument for the overestimation of performance being widely reported is that the 2006 norms for the Bayley III scales were developed in a different manner than those for the previous editions of the scales. 24 In an attempt to reflect the broader population of infants in the U.S., the sample for the 2006 norms included more Latino infants and about 10% clinical cases, including preterm-born infants and infants with diagnosed disabilities. 10 This sampling decision lowered the overall means of the scaled scores and boosts the apparent performance of both preterm and typically developing infants now being compared to the published norms. Moreover, studies have shown that the greatest overestimation of performance is occurring in infants born prematurely. 12, 26 As a result, further research on the predictability of scores for later outcomes is critically needed, and studies using the Bayley III scales should always include a control group for comparison with the target group of interest.
If the Bayley III is used to make diagnoses, clinicians should be aware that a high cut score should be used. Moore and colleagues suggest a cut score of 80, 26 but our results suggest that any below average score at early ages should trigger parent instruction and close surveillance with repeated assessment. We agree with the suggestion of Moore and colleagues that a consensus statement is needed on the classification of developmental impairment using the Bayley III based on the accumulating research. 26 Infants with biologic and socioenvironmental risk, such as those in this study, have a high incidence of poor developmental outcomes. For example, Bradley and colleagues found that only 11% of 3-year-old children born prematurely and living in poverty functioned in the normal range in all areas of growth and development. 27 The provision of a home exercise program for infants with low scores on the TIMP at hospital discharge has been successful in significantly raising TIMP scores at 4 months, 28 demonstration of the TIMP for African-American low-income mothers improved their understanding of infant motor development, 29 and predictability to preschool motor development is high by 3 months CA. 6 As a result, we recommend use of the TIMP for early assessment of infants at risk for delayed motor development with the selection of a cut score being based on resources available and the philosophy of EI of the agency.
Conclusion
Although the Bayley III scales have a degree of commonality with the TIMP, no children in this moderate-risk group were identified as delayed by the Bayley III scales at 6 weeks CA. For assessment of motor performance and determination of the need for intervention at early ages in at risk infants, the TIMP is the preferred test. 
